The aim of this study is to design and implement a computer system, which will allow the semantic cataloging and data retrieval in the field of cast iron processing. The intention is to let the system architecture allow for consideration of data on various processing techniques based on the information available or searched by a potential user. This is achieved by separating the system code from the knowledge of the processing operations or from the chemical composition of the material being processed. This is made possible by the creation and subsequent use of formal knowledge representation in the form of ontology. So, any use of the system is associated with the use of ontologies, either as an aid for the cataloging of new data, or as an indication of restrictions imposed on the data which draw user attention. The use of formal knowledge representation also allows consideration of semantic meaning, a consequence of which may be, for example, returning all elements in subclasses of the searched process class or material grade.
Introduction
The development and dissemination of computer technologies leads to their wide utilization also in studies of the cast iron processing [1] [2] [3] [4] [5] [6] [7] [8] . The most common situation is storing the data resulting from various experiments in the form of text files, spreadsheets, workbooks or even database files [9] . In the most common case, knowledge of the contents of the file (type of material processed or type of the process) remains unwritten in any form, which leads to problems when after a long time the user searches for data in terms of its importance, that is, in terms of the knowledge that it contains [10] .
The above presented problem can be eliminated through the use of an additional tool, which on the one hand, will not disrupt the current process of materials research, while on the other hand, will record a systematic knowledge comprised in the contents of each file. This tool should allow for: 1) cataloging any data sources in the form of files placed in any location, 2) searching for cataloged data taking into account the criteria oriented at semantic meaning. It is further assumed that the tool should be universal by matching the specific nature of research and results. So, there should not be any restrictions on processes, materials, and file types. This can be achieved by separating the application, which is search engine, from knowledge relating to the areas within which this search engine operates. In this way, each time, the designed application uses ontologies that are formal representations of knowledge concerning processing operations, materials, or location of hardware resources
The use of formal knowledge representation is also crucial because it allows taking into account the importance of information in the process of searching cataloged files [11] . Semantics should be based on ontologies that describe the material and the process. In respect of fields that do not contain any hierarchy, a simple search may be used based on a comparison of the entered values. For hierarchical fields, the search should return results containing not only the desired term, but also records described by its subterms. For example, a user wants to search for all records describing the processes performed on the gray cast iron. In this case, the search engine will return not only all records containing the desired term, but also records that contain terms such as ordinary gray iron, ductile iron, inoculated cast iron and cast iron with vermicular graphite. Similar behavior should be observed in the case of search taking into account the criterion relating to the process.
The user should also have the ability to search for records based on the composition of particular material. In this case, the search engine must return the elements specified in the request and the range of the searched concentrations. The application should return results based on the conjunction of conditions given in the search specification.
System architecture
As shown in the Introduction, system architecture [12] should ensure the independence from system mechanisms operating in the area of knowledge to which the information cataloged and searched by the system refers. Generally, it is assumed that the system uses information concerning: 1) processing of cast iron, 2) the material to be processed (separately before and after treatment), 3) the location of computer resources (files). In this way, formal knowledge representation is incorporated in the scope as stated above, which is illustrated in Figure 1 . It was decided that the system would use three formal knowledge representations, which were named: process ontology, material ontology and file ontology [13] . This type of architecture of the data cataloging and retrieval [14] [15] makes the system completely free from the specifics of the process, material, or the technique of saving the data in files [16] .
The specific of the designed computer system assumes that the sources of data are cataloged in the native format as computer files. It means that no database is used nor created during the operation of the designed system. All data is represented by objects [17] in the computer language that is used.
Process ontology
The process ontology is a formal representation of knowledge [18] [19] [20] [21] in the field of cast iron processing [22] [23] . This ontology allows for grouping of processing operations, e.g. there is a general process group named "casting", which contains more detailed processes like "sand casting" or "die casting".
As presented in Figure 2 , the ontological class "Process" contains one field of text type (String), which is intended to store the name of the process. The dependence "hasSpeciefiedProcess" corresponds to the grouping of processes. In this relationship, the range and the domain is the class of the process. So that, as it follows into dependency, it is possible to reach more detailed processes. 
Material ontology
The material ontology also provides the mechanism of grouping -it is important that the materials can be grouped and subgrouped [24] . An example of this might be the creation of a hierarchy for the material called "cast iron" containing less general subgroups such as "gray cast iron" and "white cast iron." Of course, nothing stands in the way of creating more accurately defined materials. This allows taking into account the more specific subgroups when searching for the overall group of materials or processes [25] [26] . It is also possible to take into account data on the composition of materials, which enables searching for data on materials with specific composition, e.g. containing certain elements.
The structure of the material ontology is presented in Figure  3 . The main class "Material" has four dependences:
• "hasSpecifiedMaterial" that is used to determine the more specific material in the same subgroup; this dependence enables the above discussed grouping mechanism, • "isCreatedBy" that enables to handle the process (the ontology class Process), by which this material is made, • "hasElements" that allows to handle the knowledge related to the chemical elements of the material (including the name of the element and its minimal and maximal concentration); this dependence has two subtypes: "hasAdditionalElements" that is related to the elements added during the defined process and "hasAlloyingElements" that is related to the elements existed before the defined process, • "usedResource" that enables to handle the knowledge according resources, which can be materials defined within the computer system; this dependence has also two subtypes: "receivedResource" that determines the resource obtained as a result of the process and "usedResourceAsBase" that determines the resource required for carrying out the process. Fig. 3 . The structure of the material ontology
File ontology
The file ontology represents knowledge about the location of computer resources, wherein the data is physically located. A computer resource is a document that is usually a file and is represented in the file ontology by the ontological class named "Record". As presented in Figure 4 , this class enables to handle the knowledge according:
• author of the document, • title of the document, • document identification number, • location of the document that is a file path, • additional information. The design of the file ontology makes the designed system free from some specific types of files or file saving locations. 
Search algorithm
The designed system allows searching for data, which is included in its catalog. The catalog consists of documents that are individuals of the ontological class "Record". From a general point of view, each document represents the knowledge of: alloying elements inherently present in the material, • elements added in the course of processing, • additional data. The user has the option of specifying queries, which are aimed at finding knowledge that meets the criteria in respect of any point in the list above, or a conjunction of these criteria. The search algorithm analyzes any currently existing document according to the following scheme: • If the "title" \ "author" \ "id" criterion is not selected, set the flag for the title \ author \ id to true. Otherwise, check whether the object title field contains the searched for term. If it does, set the flag for the title \ author \ id to true, if it does not, set the flag to false.
•
If the "input material" \ "output material" criterion is not selected, set the flag for the input material \ output material to true. Otherwise, check whether the object input material \ output material field is identical or if it is located in its subhierarchy. If it is, set the flag for the input material \ output material to true, if it is not, set the flag to false. • If the "process" criterion is not selected, set the flag for the process to true. Otherwise, check whether the object process field is identical or if it is located in its sub-hierarchy. If it is, set the flag for the process to true, if it is not, set the flag to false.
If the "alloying elements" \ "elements added" criterion is not selected, set the flag for the alloying elements to true. Otherwise, check whether the searched alloying elements \ elements added are present in the object and whether the ranges of their concentration overlap. If they do, set the flag for the alloying elements \ elements added to true, if they do not, set the flag to false.
If the "additional data" criterion is not selected, set the flag for the additional data to true. Otherwise, check if the object additional information field contains the term searched for the title. If it does, set the flag to true, if it does not, set the flag to false. If all the flags of a record are true, it means that the record meets the criteria specified by the user. In this case, the record is added to the list of solutions.
The searching process proceeds every document existing in the system with the algorithm that is presented above. After analyzing each record, a list of solutions is presented to the user as a list of records that fulfill the desirable criteria. The searching process enables to take into account the semantic meaning of information e.g. for the "process" criterion the hierarchy of processes is considered. This is consisted with the overall goal of the research presented in the Introduction.
System implementation
The system for cataloging and semantic search of data has been implemented using the Java language [27] . This makes the use of the system independent from the operating system, which features a user.
The main functionalities of the system include cataloging the files with the data on the methods of cast iron processing and searching this data taking into account the semantic meaning, which is done with the use of ontologies previously described. Implementation of major functionalities has been separated and included in the engine package. Figure 5 contains an UML class diagram [28] [29] for the engine package. The following packages were also created in the project:
• item package, which contains classes that implement the basic concepts used mainly to describe the field of ontology, • model package that implements models used by the GUI and models used to create a hierarchy of ontology, • ui package, which is responsible for all contacts with the user. It contains the class that is the main called window, and the auxiliary windows and panels responsible for the appearance of the entire graphical user interface [30] [31] . 
Use of the system
After launching the application, the main window appears where the user can choose one of the following options:
• review an existing document, • add a new document to the computer system, • view and edit the set of documents, • search for documents in the computer system.
As part of the studies performed using the implemented computer system, a series of tests on the above mentioned options has been made. One of the tests consisted in an attempt to find information on meeting all of the criteria listed below (as shown in Figure 6 ):
• the concentration of carbon in alloying elements in the range of 3 to 4 percent, • the process of machining. As a result of the conducted test, the system has returned four documents properly filtering data that do not meet the specified search criteria.
Conclusions
The goal of presented here research is the design and the implementation of the computer system, which allows cataloging of documents related to the cast iron processing. As a document a simple computer file is considered. The developed system enables to add semantic information to every document, which relates to basic knowledge according the material and the type of the cast iron processing. The semantic information allows search of cataloged documents considering the semantic meaning -e.g. for the "process" criterion the hierarchy of processes is taken into account. Performed tests on the semantic search among sample documents indicate correctness of the system functioning and achievement of the goal of presented here work.
The performed system does not intervene in the content of documents. It is also assumed lack of homogeneity of cataloged documents -some of them can ignore geometry issues or other important elements involved in the cast iron processing. This conviction caused the decision that only basic knowledge about the process and the material is considered by the performed cataloging and semantic search [32] . Adding information relating to geometrical issues and other important parameters is possible however requires expansion of developed ontologies.
